each dog received 100,000 units of penicillin intramuscularly for 3 days after surgery. In order to maintain a constant environment all tooth pulp thresholds were taken in a relatively quiet room each morning, beginning 3 to 10 days postoperatively. To restrict extraneous movements the dog was placed in a stockade. Before the actual experiment the animal was throughly familiarized with the apparatus and environment. Each of the upper canines was stimulated separately to determine which tooth gave the most reproducible response. Subsequently, that tooth was used for the remainder of the study. Repetitive shocks were applied to the tooth via the bipolar electrodes. A Hunter interval "timer triggered a Grass Model S4B stimulator and isolation unit. Square wave pulses of 1 millisecond duration usually at 100 cycles per second * Supported in part by grant Mu United States Public Health Service.
for 1 second were repeated every 3 to 5 minutes in order to determine the threshold intensity to produce the characteristic response. For purposes of comparison a frequency of 30 cycles per second was used in one dog.
In some experiments both voltage and current were monitored. Inasmuch as the current thresholds paralleled the voltage thresholds the data were expressed in volts for reasons of convenience. The responses produced by stimulation of the tooth pulp varied between dogs but were consistent in each individual animal. A sufficient period of training was needed for the observer to differentiate spontaneous movements from those caused by stimulation. The intensity of repetitive electrical stimulation of the tooth pulp required to elicit a characteristic reaction response varied with the state of the animal. If the dog was wide awake the threshold of stimulation was lower than when the animal was drowsy or lethargic. The criterion for a response was a definite motor movement such as opening the mouth, chewing, or licking. After a period of training when the thresholds were stabilized, control thresholds were obtained in both the alert and drowsy states on the day that morphine and nalorphine were administered. The alert state was considered that in which the eyes were open and the dog was aware of minor Changes in the environment, vocalized, or made some motor movement indicating an aroused or awake condition. The drowsy state was defined as that in which the eyes were closed and the animal was quiet and unaware of minor stimuli in the environment. After relatively constant thresholds were obtained a dose of 2 mg/kg of morphine was given intravenously and antagonized with 1 mg/kg of nalorphine given intravenously. The effects of morphine on the tooth pulp thresholds were determined periodically every 5 to 10 minutes. At the time of maximal elevation of the tooth pulp threshold following morphine (usually within 30 to 60 minutes) nalorphine was administered. The peak effect of nalorphine was usually 6 to 15 minutes after injection. The data obtained at maximal effect are listed in table 1. The tooth pulp thresholds after morphine were obtained immediately after the animal was awakened from deep morphine narcosis by gentle tapping on the table. Thus, the animal under morphine was aroused and aware of his surroundings at the time that the tooth pulp was stimulated. Inspection of table 1 shows a consistent trend in the effects of various treatments in each dog. In each animal both the drowsy state alone and morphine produced an increase in the threshold voltage greater than that seen during the awake state. Nalorphine reduced the elevated threshold after morphine toward the control level. Individual differences in dogs. ~ are indicated since each animal responded at considerably different threshold voltages. In a 2 way classification analysis of variance this individual difference in dogs was significant at the 5 per cent probability level. A Student "t" paired comparison test was used on the different combination of treatments summarized in table 1. The voltage required of elicit a response during the alert state was found to be significantly different (P< .005) from that in the drowsy state. When the threshold during the alert state was compared to that after morphine, a 2.5 per cent level of significance was obtained. The data also show that the elevation in tooth pulp theshold produced by morphine is greater than that of the drowsy state alone (P < .05). Threshold voltages after morphine were also significantly different from those after nalorphine antagonism. Similar results were obtained when an analysis of variance of the subdivisions of treatment was performed except that the analysis of variance differed from that of the Student "t" test in that the thresholds during the alert state were significantly different from that of the drowsy state only at the 7 per cent probability level. The discrepancy between these two tests is probably due to an overestimate of the true error in the analysis of variance since the residual term included both interaction and sampling error. The results indicate that the effect of morphine in elevating the threshold for repetitive stimulation of the tooth pulp in chronic dogs is greater than that due to drowsiness alone. After morphine, nMorphine is effective in lowering the tooth pulp threshold toward the control alert state.
Summary
The alteration of tooth pulp thresholds of dogs with ehronicMly implanted electrodes was determined in the awake and drowsy states after morphine and nalorphine. The elevation in tooth pulp threshold was significantly greater after morphine than during the alert or drowsy state of the animal. NMorphine antagonized this effect of morphine.
